The aim of this study is to investigate the impact of soil saturation on the seismic performance of a structure when subjected to earthquake-induced vibration. More specifically, this paper examines the effect of the soil saturation level taking into account of soil-structure interaction (SSI) on the structural response. For this purpose, a two dimensional (2D) finite element model was developed with Mohr-Coulomb failure criterion under plane-strain conditions using geotechnical finite element code PLAXIS. To emphasize SSI problems in civil engineering applications, mechanical behavior and various saturation levels of the local soil condition is examined using a numerical model. As can seen from the analysis results, the saturation level of soils causes an increase on the lateral roof displacement of the saturated elasto-plastic soil. This situation was interpreted as the increase in the saturation levels of the soils caused a decrease in the rigidity. Furthermore, neglecting the effect of SSI leads to underestimated results of the structural behavior.
INTRODUCTION
The significance of soil-structure interaction in terms of seismic response of buildings depends on the interaction of dynamic characteristics of the structure and the foundation medium. In analyzing the response of structures to the dynamic excitations, it is not common practice to apply the earthquake record to the base of the structure. This condition is only justified for structures that are supported on rigid ground. For structures supported on soft soil, the foundation motion is different from the free field motion and may include by Gazetas [13] , Stewart et. al. [14] . It is well known that SSI generally reduces the resonant frequencies of soil-structure systems in comparison to those of the fixed-base structures. Moreover, modification of the actual foundation motion from the free-field motion also plays an important role in the dynamic behavior of soil-structure interaction system. Structure and its underlying soil medium vibrate together as they interact with each other under dynamic excitation. In this application, as in most finite element applications, supporting soil medium is considered to be semi-infinite elastic, isotropic, homogeneous half space. The numerical discretization techniques for two and three dimensional domains, such as the finite element applications, only a finite part of the subsurface area is discretized. The number of finite elements used in the numerical model depends on the capability of the computer used. It is also well known that finite element applications are more effective for bounded domains. In most cases, this is not an important drawback and finite element method is used extensively in the solution of static problems in an infinite domain.
The use of the classical finite element method does not yield accurate results due to the incapability of discretizing the complete infinite domain [15] . To overcome this condition, the transmitting boundary conditions have been used to transmit the outwardly propagating wave at the artificially chosen boundary of the infinite domain. The first attempt to simulate the special types of energy absorbing boundaries was presented in [16] [17] [18] . In the last decade, these types of local boundary conditions has been widely used to obtain accurate results for SSI problems.
In this study, the numerical results for SSI effects on the seismic response of a building in reference to slenderness ratio (H/D= 2) with different soil saturation level conditions at a Giresun local site is presented. For this purpose, a 2D (two dimensional) mathematical model was developed with Mohr-Coulomb failure criterion by using geotechnical finite element code PLAXIS [19] . To evaluate the effect of the soil saturation level taking into account the SSI on the structural response, parametric calculations were accomplished for a structure located in two different regions in Giresun under two different input motions. The local soil condition with saturation level and the frequency of earthquakes are considered to represent dynamic behavior quite well for soil-structure coupled system.
FINITE ELEMENT MODEL OF SSI SYSTEM
In order to investigate the effect of nonlinear soil behavior on seismic performance of a structure, the numerical model was developed by using the computer program Plaxis 2D based on 2D finite element method [20] . The meshing geometry and the discretization dimension for the SSI model are important for this research.
For the numerical analyses, linear elastic perfectly plastic model (Mohr-Coulomb model) was chosen to model soil behavior with 6-node triangular elements under cycling loading.
The schematic diagram of the problem with numerical details and the FE discretization size of the soilstructure system including the lateral extent of the finite soil domain L, and the depth of the soil region H, are given in Figure 1 . In the first phase of the study, the effect of the discretization dimension was examined. The validation of the SSI model was obtained by analyzing seismic response at the free soil surface by authors [21] . In reference to this study, the optimal size of the calculation area was estimated as L=200m and H=75 m. Moreover, the impact of different mesh densities on dynamic behavior was tested in the FE model in earlier studies of authors.
For this study, finer FE mesh sizes (h ≤ 1 m) was used in the area (H1=15 m and L1=60 m). The mesh of remaining area (hereby, H2 = 40 m, L2 = 130 m) was designed to be relatively coarse from the localized area mentioned above (h = 2 m). For distant elements near the lower edge, the element size was chosen as 4 m.
The time step integration was selected as t < 0.075 s in accordance with the Courant condition for the numerical analysis [21] . The structure considered for SSI system is ten-storey reinforced concrete frame with three frame span. The height of building is 30 m measured from the soil surface and it has a width of 12 m (Figure 1 ). The evaluation points were chosen for numerical investigations is the roof floor level (Point A) and free ground surface at a distance of 60 m from the structure (Point B). The case study site located to the north of the North Anadolu Fault Zone demonstrates a very rough morphology in eastern sea mountain chain [22] . In order to evaluate the effects of the soil saturation levels on the seismic structural behavior under different seismic loading, the structure located in two different regions in Giresun was investigated (Figure 2 ). The material parameters of the for the superstructure and the saturated soils reported as a result of site investigation for Giresun regions are given in Tables 1  to 3 , respectively. The main difference between these two regions of Giresun is that the local soil condition of the first region is fully saturated relative to the second region.
Göktepe 
PARAMETRİC STUDY AND RESULTS
The slender ratio describes quotient between the width of a building and its height is an important parameter for the considered SSI system. One slenderness ratio (H/D= 2) is handled in FE analysis. In order to obtain SSI effects on the seismic structural response, the numerical model is tested under two different input motions such as 1999 Kocaeli (Mw=7.4) and 1992 Erzincan (Ms=6.8) earthquakes. For the computational model, elasto-plastic soil layer is assumed to be supported by horizontally extended rigid base rock, therefore, total reflection of the incident waves from this boundary is assumed.
Results for Kocaeli Earthquake
In order to assess the impact of the SSI with plasticity effect for the slenderness ratio (H/D= 2) of structure, the peak lateral floor displacement (ux) of the Kocaeli earthquakes have been given comparatively according to different local soil conditions of Giresun in Figure 3 .
The results of analysis show that the effect of the soil saturation level taking into account the SSI changed the results for the first region of Giresun. The peak horizontal displacement corresponding to roof floor changed by increasing approximately 11% for the elasto-plastic soil condition compared to the calculation results based on the assumption of fixedbase support. Moreover, it was determined that the elastic soil condition increased the displacement values by 47% (Figure 3a ).
On the other hand, the peak lateral floor displacement of the building increased around 9% on the elastoplastic soil condition for the second region of Giresun when compared with fixed base condition. As expected, when SSI is taken into account, the peak lateral displacement increased by about 8% for the elastic local soil condition of the second region ( Figure  3b ). That means the saturation level of soils with the SSI causes an increase on the lateral roof displacement for the fully saturated elasto-plastic soil condition. Figure 3 . Variation of displacement peak value of the structure affiliated to the various saturation levels for H/D=2 under Kocaeli earthquake
The variation of the time history of horizontal displacement at the top of building taking into account the SSI (dashed curves) and fixed-base support (solid curves) with different saturation levels for the 1992 Kocaeli earthquake is shown in Figure 4a -b. From these time-domain responses, the lateral peak displacements increased around 20% and 12% respectively compared to the different local soils of Giresun associated fixed-base conditions. The change in the seismic response of building taking into the soil saturation level is clearly seen from the numerical results in the time period (t > 35 sn) with consideration of SSI effect. 
Results for Erzincan Earthquake
In addition to the applied earthquake loading for proposed SSI model, the Erzincan earthquake record is also used to analyze the seismic structural behavior as shown in Figures 5, 6 . It is observed that the values of the peak lateral floor displacement decreased by approximately 55% for the rigid base support assumption in the event of H/D = 0.4 with the first soil condition. In addition to this, it was determined that the SSI effect increased to 2.5 times the corresponding peak displacement values (Figure 5a ). For the second region of Giresun, the peak lateral displacement decreased to 4.5 times by ignoring the SSI effect. Unlike this case, the corresponding peak displacement values increased to 4.5 times with SSI effect ( Figure  5b ). Similar to Kocaeli earthquake, the lateral roof displacement for the saturated elasto-plastic soil condition increased due to the SSI considered with plasticity effect. According to time history of the horizontal displacements at the top of building, the lateral peak displacements decreased around 2 times and 4 times respectively compared to the different soil saturation level of Giresun soils associated fixed-base conditions. Considering the effect SSI, account the mechanical behavior of underlying soil have considerably effect on the SSI system (Figure 6a-b) . 
CONCLUSION
In this study, the seismic behavior of a structure located in different saturation levels was studied via 2-D finite element model utilizing direct numerical approach. The mechanical behavior and various saturation levels of the underlying soil condition were tested under the different frequency content of the seismic motion. The numerical results of this study play an important role for geotechnical and structural engineers working with the soil saturation level problems taking into account the SSI in terms of providing practical information in seismic analysis.
From the results of the analysis, the seismic response of the structures is affected by the degree of soil saturation. Both two earthquake inputs, the lateral roof displacement for the saturated elasto-plastic soil condition increased when compared to those obtained results of second region in Giresun. Furthermore, the SSI effects are different for the considered soil conditions. Neglecting the effect of SSI leads to underestimated results of the structural behavior. The saturation level of soils with the SSI causes an increase on the lateral roof displacement for the saturated elasto-plastic soil condition.
In addition to this, the overall response of the structure is significantly affected by the mechanical behavior of the soil. Moreover, the seismic frequency of input motion play an important role in the dynamic behavior of soil-structure interaction system. If the frequency of external load is imminence to the SSI system, the sudden increase in the dynamic response is more pronounced for the resonance state.
SAÜ FEB, Sakarya, October, 2012 (in Turkish).
[21] E. Çelebi, F. Göktepe and N. Karahan, "Nonlinear finite element analysis for prediction of seismic response of buildings considering soilstructure interaction", Nat. Hazards Earth Syst. Sci., vol. 12, no.11, pp. 3495-3505, 2012.
[22] Z. Demirkıran, "Mining Geology and mineralization of INLER YAYLASI (Şebinkarahisar-Giresun) Pb-Zn Mine, DEÜ, İzmir, February, 1994.
